ABSTRACT A group method of data handling-type neural network (GMDH-type NN) with an evolutionary method of genetic algorithm was used to predict the TME n of feather meal (FM) and poultry offal meal (POM) based on their CP, ether extract, and ash content. Thirty-seven data lines consisting of 15 FM and 22 POM samples were collected from literature and used to train a GMDH-type NN model. A genetic algorithm was deployed to design the whole architecture of the GMDH-type NN. The accuracy of the model was examined by R 2 value, adjusted R 2 , mean square error, residual standard deviation, mean absolute percentage error, and bias. The developed model could accurately predict the TME n of FM or POM samples from their chemical composition. The R 2 for the GMDH-type NN model had a higher accuracy of prediction than 2 models reported previously. This study revealed that the novel modeling of GMDH-type NN with method of genetic algorithm can be used to predict the TME n of poultry by-products.
INTRODUCTION
Once the nutrient requirements of the animals were established, a correct balanced diet can be formulated if the accurate nutrient composition of feedstuffs is known. The feather meal (FM) and poultry offal meal (POM) are widely used in broiler diets, and the accurate information on their energy content are of importance to renderers and the nutritionists (Dale and Batal, 2002) . It is reported that the energy content of feedstuffs, especially FM and POM in terms of TME n , strongly depends on their chemical composition. The nutritionists are interested in using a model that can precisely predict the TME n value of animal by-products. The researchers have tried to develop a TME n prediction model for the FM and POM samples (Dale, 1992; Dale et al., 1993) . All the previously TME n prediction models reported for poultry by-product meals were based on the regression analysis methods using their CP, ether extract (EE), and ash content. Alternatively, a soft-computing method of artificial neural network (ANN) seemed to be more appropriate for the TME n prediction of a feedstuff. An ANN is a set of nonlinear equations that predicts output variable(s) from input variable(s) in a flexible way using layers of linear regressions and S-shaped functions. There is no need to provide an a priori model when using an ANN. It is potentially advantageous in modeling the biological processes often characterized as highly nonlinear (Dayhoff and DeLeo, 2001 ). The ANN functions are applied to many fields to model and predict the behaviors of unknown systems, very complex systems, or both based on given input-output values (Dayhoff and DeLeo, 2001) .
One submodel of ANN is a group method of data handling-type neural network (GMDH-type NN). It is a self-organizing approach by which gradually more complex models are generated from their performance evaluation and a set of multi-input, single output data pairs (Lemke and Mueller, 2003) . The GMDH was first developed by Ivakhnenko (1971) as a multivariate analysis method for modeling and identification of complex systems. The main idea of GMDH is to build an analytical function in a feed-forward network based on a quadratic node transfer function whose coefficients obtained by using a regression technique (Farlow, 1984) . Recently, the use of such self-organizing networks has led to a successful application of the GMDH-type algorithm in a broad range of areas in engineering, science, and economics (Amanifard et al., 2008) . In the poultry field, Ahmadi et al. (2007) demonstrated that the GM-
